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RI .MARKS 

Upon entry of the above amendments, claims 1, 2, 8, 9, 13-17, and 51-61 would be 
pending in the application. Applicants seek to cancel claims 3-7, 29-31 , 33, and 42-50, amend 
claims 1, 2, 8, 9, 13-17, and 51-55, and add new claims 56-61. Support for the amendments and 
new claims can be found, e.g., in original claims 1-9 and in the specification at page 3, line 18, to 
page 4, line 21; page 5, line 26, to page 6, lias 7; page 13, line 25, to page 14, line 3; Fig. 6; and 
Fig. 12. 

These amendments add no new matte.-. In addition, the relatively minor amendments set 
forth above would raise no new issues that would require further consideration and/or search. 
Applicants submit that these amendments would place the claims into condition for allowance, or 
at least present the rejected claims in better form for consideration on appeal, and should 
therefore be entered after the final rejection under 37 C.F.R. §1.116 (a). 

35_U^C ,§101 and 35 U.S.C. SI 12. First Paragraph (Utility and F.nahl^nt) 

On pages 1-2 of the Office Action, tho Examiner rejected claims 1-9, 13-17, 32-33, and 
42-55 as allegedly lacking utility. In a related rejection, the Examiner rejected the claims as 
allegedly not enabled. According to the Examiner (as reproduced from the January 15, 2002, 
Office Action), "[t]he claimed invention is diawn to an orphan receptor which has no known 
ligand. Further experimentation is required to determine the ligand for the orphan receptor and 
the orphan receptor has no known utility." 

Applicants respectfully traverse the rejection in view of the claim amendments and the 
following comments: 

The present application describes the isolation and characterization of a nucleic acid 
encoding a polypeptide termed human pregnenolone activated receptor (hPAR), which is a 
member of the nuclear (hormone) receptor sipergene family. The specification refers to the 
novel receptor interchangeably as hPAR and vitamin D receptor related (VDRR) polypeptide 
(specification at page 10, lines 22-23). hPAR, like other members of the supergene family to 
which it belongs, has both (i) a ligand-binding domain (LBD), which mediates the specific 
activation of the receptor upon binding to its ligand, and (ii) a DNA-binding domain (DBD), 
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which binds to DNA regulatory sequences and mediates transcriptional activation of specific ' 
genes regulated by such DNA sequences. 

As detailed in the specification, applicants found bPAR to be specifically expressed at 
high levels in the liver as well as in the small intestine and colon (Example 2 at page 1 3, 
lines 10-21). Based upon the observed tissue -specific expression patterns, combined with its 
being a member of the nuclear receptor supergene family, the specification concluded that hPAJR 
is likely to be a sensor of metabolic pathways affecting lipid, carbohydrate, or ammo acid 
metabolism or homeostasis (specification at r age 8, lines 24-30). In addition, applicants 
discovered that hPAR is activated by selectee: naturally occurring pregnenolone derivatives 
(specification at page 10, lines 1 8-30, and Example 6 at page 15, lines 16-30). Because 
pregnenolone derivatives selectively induce expression of human CYP3A-drug metabolizing 
enzymes such as CYP3A4, the specification concluded that antagonists of hPAR can be usel to 
inhibit expression of CYP3A4 and thereby increase the bioavailability of drugs having poor 
pharmokmetics as a result of their metabolisn by CYP3A4 (specification at page 1 1 lines 2S- 
28). 

Consistent with the experimental observations and assertions contained in the 
specification affiled, the enclosed publication of Bertilsson et al. (1998) Proc Natl Acad Sci 
USA 95:12208.12213 (»Exhibit A") confirms that hPAR is selectively expressed in the liver and 
mtehnes and is activated by pregnanes and ether clinically used drugs that selectively induce 
expression of members of the human CYP3A gene family (drug-metabolizing enzymes that arc 
selectively expressed in the gut and liver in response to environmental chemicals and drugs). 
hPAR binds to a regulatory sequence present in the human CYP3A4 gene and activates CYP3A4 
gene expression (Exhibit A at page 12212). Exhibit A thus confirms the experiments and 
assertions in the specification that indicated i hat hPAR regulates a signaling pathway that 
controls CYP3A4 gene expression. In light of this important biological activity, hPAR as well 
compounds that modulate hPAR activity are useful in modulating the bioavailability of a wide 
range of drugs that are metabolized by CYP3A enzymes. 

In view of the foregoing, applicants lespectfully submit that the claimed nucleic acids 
have a specific, credible and substantial utility, and request that the Examiner withdraw the 
rejections under 35 U.S.C. §101 and 35 U.S.C. §112. 



as 
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35 U.S.C. S 1 12. 2 nd Paragranh rPftfinit^c , 

On page 2 of the Office Action, the Examiner rejected claims 1-9, 13-17, 32-33, 
and 42-55 as allegedly indefinite in their use .rf the phrases "substantially the same" and 
"recombinant type." 

As amended, the pending claims do not contain the phrases that the Examiner has 
asserted to be indefinite. In light of these am endments, applicants request that the Examiner 
withdraw the rejections. 



35 U.S.C. 6 112. 1 st Para graph (Written Desc ription) 

On pages 2-3 of the Office Action, tha Examiner rejected claims 1-9, 13-17, 32-33, 
and 42-55 as allegedly containing subject matter that was not described in the specification in 
such a way as to reasonably convey to one skilled in the relevant art that the inventors, at the 
time the application was filed, had possession of the claimed invention. According to the 
Examiner, the 

[c]laims encompass the DNA or vectors and cells comprising the DNA encoding 
a variant protein which is naturally occurring but not disclosed in the 
specification. Claimed DNA encoding protein variants encompass a large genus 
of nuclear receptors which are alleles or variants whose function has yet to be 
identified from different species of ar.imal because the structure of the newly 
identified naturally occurring receptor is not known. 

Applicants respectfully traverse the rejection in view of the claim amendments and the 
following remarks. 

Amended independent claim 1 is directed to a nucleic acid comprising a nucleic acid 
sequence encoding a polypeptide comprising amino acid residues 39 to 1 15 or 141 to 434 of 
SEQ ID NO:2, which correspond respectively to the DBD and LBD of the hPAR polypeptide of 
SEQ ID NO:2. Amended independent claim 2 is directed to an isolated nucleic acid comprising 
the hPAR-encoding nucleotide sequence of SEQ ID NO:l or SEQ ID NO:3. 

The Examiner has cited Regents of the University of California v. Lilly & Co., 119 F.3d 
1559 (Fed. Cir. 1997), the leading case on the written description requirement for nucleic acid 
molecules, in support of the present rejection. The discussion in Lilly regarding a proper written 
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description for genus claims had to do with a claim drawn to a vertebrate mRNA encoding 
insulin. The Lilly court held that a generic statement, such as the term "mammalian insulin 
cDNA" is not, without more, an adequate written description of an invention claiming the 
nucleotide sequence for human insulin. The court's decision in Lilly focused on functional 
claims directed merely to a desired result witaout structure: «[t]he description requirement of the 
patent statute requires a description of an invention, not an indication of a result that one might 
achieve if one made that invention " Id. at 1406. However, the Lilly court also took care to 
indicate that structural information about the claimed genus was different in kind than a mere 
desired result. The court indicated that in claims involving chemical materials such as proteins 
and polynucleotides "generic formulae usually indicate with specificity what the generic claims 
encompass. One skilled in the art can distinguish such a formula from others and can identify 
many of the species that the claims encompass. Accordingly, such a formula is usually an 
adequate description of the claimed genus." Id. 

The pending independent claims arc drawn to a nucleic acid containing: (,) a nucleotide 
sequence that encodes a particular functional domain (a DBD and/or an LBD) of the hPAR 
polypeptide of SEQ ID NO:2 (claim 1); or (i.) an hPAR-encoding nucleotide sequence ofSEQ 
ID N0.1 or SEQ ID NO:3 (claim 2). As amended, the claims provide a precise definition of the 
invention by strucjure (e.g., the nucleic acid encodes a polypeptide that contains at least a 
particular functional domain) as is required 1« an adequate description of a nucleic acid 
molecule. The claims are not directed to a dosired result without structure, as was the case in 
Lilly. A person of ordinary skill in the art would clearly understand the structural definition of 
the nucleic acids provided by the claims and would therefore understand applicants to have been 
in possession of the claimed nucleic acids at the time the application was filed. 

In light of these comments, applicants submit that the claims as amended satisfy the 
written description requirement. 



35 U.S.C. S 10 2to ^Anticip aHnn) 

On pages 3-4 of the Office Action, the Examiner rejected claims 1-9, 13-| 5, 32-33, 
and 42-53 as allegedly anticipated by KauscH et al., U.S. Patent No. 5,508,164 ("Kausch"). 
According to the Examiner (as reproduced from the March 30, 2001, Office Action), the claims 
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encompass chromosomal DNA because the claims encompass polynucleotide 
sequence comprising the polynucleotide sequence encoding a polypeptide with 
SEQ ID NO:2. The isolated and purified chromosomes comprise the 
polynucleotide sequence encoding a polypeptide with SEQ ID NO:2. 
Chromosomal DNA inherently are operably linked to an expression control 
sequences. Chromosomal DNA inherently comprises heterologous sequence 
because it undergoes recombination. 

Applicants respectfully traverse the rejection in view of the claim amendments and the 
following remarks. 

Kausch discloses methods for isolating and sorting biological materials such as 
chromosomes. The methods of Kausch include, for example, attaching biological material to a 
solid support and subsequently separating such material using magnetic particles. Kausch 
nowhere discloses an isolated nucleic acid encompassed by amended independent claim 1 or 2. 
For example, Kausch's references to mouse chromosomes (Example 1 ) and human 
chromosome I (Example 2) clearly do not constitute a disclosure of an isolated nucleic acid 
encoding the human polypeptide sequence of SEQ ID NO:2 or a fragment thereof containing the 
DBD and/or the LBD. 

In light of these comments and the claim amendments, applicants request that the 
Examiner withdraw the anticipation rejectior . 



CON CLUSIONS 

Applicants submit that all grounds for rejection have been overcome, and that all claims 
are now in condition for allowance, which action is requested. 

Attached is a marked-up version of the changes being made by the current amendments. 
The attached pages are captioned "Version with Markings to Show Changes Made." Also 
attached is a listing of the claims pending in :he application upon entry of the above 
amendments- 
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Enclosed is a Petition for One Month Extension of Time. Please charge the SI 10 
extension fee, and any other charges or credits, to Deposit Account No. 06-1050, referencing 
Attorney Docket No. 13425-109001. 

Respectfully submitted, 



Date: 



Fish & Richardson P.C. 
45 Rockefeller Plaza, Suite 2800 
New York, New York 10111 
Telephone: (212)765-5070 
Facsimile: (212)258-2291 



Jack Brennan 
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Version With Marking Changes Martin 

In the Specification: 

The following paragraph has been adc.ed at page 1, line 4, above the heading "FIELD OF 
THE INVENTION": 

-CROSS REFER F.NPF TO RELATED AP» I .irATTrare 

This application claims priority from Swedish Patent Application No. 9703745-1, filed 
October 14, 1997, Swedish Patent Application No. 9801 148-9, filed March 31, 1998, and U.S. 
Provisional Patent Application Serial No. 60/067,373, filed December 3, 1 997. These 
applications are incorporated herein by reference in their entirety.- 

In the Claims- 

Claims 3-7, 29-31, 33, and 42-50 have been cancelled without prejudice. 
Claims 1, 2, 8, 9, 13-17, and 51-55 have been amended as follows: 

1. (Three Times Amended) An [A human] isolated nucleic acid[, or a recombinant type 
of the isolated nucleic acid,] comprising a [contiguous] nucleic acid sequence encoding a 
[vitamin D receptor related (VDRR)] polypeptide comprising ami™ ^ ucs 39 to n s nr 
141 to 434 of SEP TP NO-7 

2. (Three Times Amended) An isola.ed [DNA/)nucleic acid comprising the n^tirt* 
seguence [according to Fig. 1 (SEQ ID NO:l . or Fig. 7 (SEQ ID NO:3) or substantially the same 
as that] of SEQ ID NO:l or SEQ ID NO:3[, or a recombinant type of the isolated nucleic acid, 
encoding a vitamin D receptor related (VDRR) polypeptide]. 

8. (Four Times Amended) The nucleic acid of [according to] claim 2 [1], wherein the. 
[said] nucleic acid comprises th e nucleotid e seq uence of SEP Tn Km- 1 [sequence is that of 
Fig. 1 (SEQ ID NO:l) OR Fig. 7 (SEQ ID NO:3)j. 
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9. (Four Times Amended) The nucle.c acid of [according to] claim 2 [1], wherein the 

[said] nucleic acid comprises the nuclei ^ f c F ^ m Nfn [i$ Substantially ^ same 

as that of Fig. 1 (SEQ ID NO:l) or Fig. 7 (SEQ ID NO:3)]. 

13. (Two Times Amended) An expression vector comprising the [a] nucleic acid of 
[according to] claim 1 . 



14. (Two Times Amended) A cell containing the [a] nucleic acid of [according to] 

claim 1. 



1 5. (Two Times Amended) A cell containing the [an] expression vector of [according 
to] claim 13. 



16. (Two Times Amended) A process for recombinant production of a [VDRR] 
polypeptide, the [said] process comprising expressing the nucleic acid of claim 1 in a [suitable] 
host cell. 



17. (Amended) The process of [according to] claim 16, wherein the host cell is 
eukaryotic. 



51. (Amended) An expression vector comprising the [a] nucleic acid of [according to] 
claim 2. 



52. (Amended) A cell containing the [a] nucleic acid of [according to] claim 2. 

53. (Amended) A cell containing the- [an] expression vector of [according to] claim 5 1 



54. (Amended) A process for recombinant production of a [VDRR] polypeptide, the 
process comprising expressing the nucleic acid of claim 2 in a [suitable] host cell. 
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55, (Amended) The process of [according to] claim 54, wherein the host cell 
eukaryotic. 



is 
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nuclear receptor defines a new 
signaling pathway for CYP3A iaduction 
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ABSTRACT Nuclear receptors regulate metabolic ^th 
ways in response to changes in the environment by appropri. 
ate alterations in gene expression of key metabolic enzymes. 
Here, a computational search approach based on iterathely 
built hidden Markov models of nuclear receptors was usetJ to 
identify a human nuclear receptor, termed hPAR, that is 
expressed in liver and intestines, hPAR was found to be 
efficiently activated by pregnanes and by clinically used dr igs 
including rifampicin, an antibiotic known to selectively induce 
human but not murine CYP3A expression. The CYPU drug- 
meUbolizing enzymes are expressed in gut and liver in 
response to environmental chemicals and clinically used 
drugs. Interestingly, hPAR is not activated by pregnenolone 
16«-carbonitriIe, which is a potent inducer of murine CYJ*3A 
genes and an activator of the mouse receptor PXR.1. Further* 
more, hPAR was found to bind to and trans-activate thro igh 
a conserved regulatory sequence present in human but not 
murine CYP3A genes. These results provide evidence *hat 
hPAR and PXR,1 may represent orthologous gents from 
different species that have evolved to regulate overlapj ing 
target genes in response to pharmacologically distinct CY; J JA 
activators, and have potential implications for the in i tiro 
identification of drug interactions important to humans. 



The recent progress made in determining the full genomic 
sequences of model organisms as well as the rapid accumula- 
tion of sequence data from the human genome has opcnc.i up 
new possibilities to determine the functional organization of 
genome hy computational approaches (1). Multiple align- 
ment* of members of different protein families follow*! by 
homology searching are powerful methods to infer \ ene 
tunction from sequence data as well as to identify novel genes 
within a given gene family. Hidden Markov models (HMMs) 
are a general statistical modeling technique that can be used 
as formal, fully probabilistic forms of sequence profiles (I\ 3), 
describing the consensus of a set of sequences. This approach 
toward the identification and functional characterizatioi of 
novel genes is particularly amenable to evolutionary conserved 
gene families consisting of a large number of onhologs and 
paralogy The nuclear receptors constitute one such large ^enc 
family that is structurally and functionally conserved and 
represented within different metazoan phylae from cnidai ians 
to vertebrates (4). These receptors are conditionally regulated 
transcription factors that exert their effects by interacting with 
small lipophilic ligands followed by sequence^specific binding 
of the receptor to DNA sequences called hormone response 
elements (HREs), Binding of the receptor to DNA resu ts ii. 
changes in gene expression of specific target goncs (5). 



Steroid hormones were the first group of small, lipophilic 
molecules identified as nuclear receptor ligands. Today, the 
number of substances known to regulate the activity of this 
group of receptors is represented by a large and chemically 
diverse group of molecules including retinoids, vitamin D. 
thyroid hormones, eicosanoids such as prostanoids and Icu- 
kotnencs, fatty acids, and oxysterols (5-11). Steroid hormones 
have been shown to be high-affinity ligands. interacting with 
their cognate receptors in the nanomolar range, in addition, a 
growing number of receptors termed orphan nuclear receptors 
that lack identified high-affinity ligands have been identified. 
Several of the vertebrate orphan nuclear receptors are true 
orphans m the sense that they act as constitutive activaiors or 
repressors of transcription (12). Other orphan nuclear recep- 
tors do not yet have any identified high-affinity ligands but 
have been shown to be conditionally activated by a defined 
group of small lipophilic molecules in the micromobr ramje (6 
o, 11-14). 

New members of the nuclear receptor gene family tradi- 
tionally have been identified by low-stringency hybridization. 
PCR, or yeast two-hybrid interactions, Here we describe a 
HMM profile-based search strategy to identify novel orphan 
nuclear receptors from expressed sequence tag (EST) data^ 
bases. By using this approach wc have identified a previously 
unrecognized human nuclear receptor, termed hPAR, that is 
activated efficiently by a group of pregnanes and by a group of 
clinically used drugs known to selectively induce the expression 
of human CYPJA drug-metabolizing enzymes. Wc suggest thai 
hPAR is likely to mediate a novel signaling pathway that is 
important for regulation of CYP3A gene expression and have 
potential implications tor pharmacological evaluation of drug 
interactions that are important to humans. 

MATERIALS AND METHODS 

Chemicals. 3«- Hydroxy^ £-prcgnanc-l 1,20-dionc, mcth- 
ancsulfonatc. and Sa-prcgnanc-3,20-dionc were synthesized by 
Pharmacia and Upjohn. All other steroids were purchased 
from Sigma. 

Sequence Analysis and Construction or HMMs. HMMs 
were built by using the hmmer i.x.3 software (15) from amino 
acid sequences corresponding to the DNA- and Hgand-binding 
domains (DBDs and LBDs, respectively) of known nuclear 
receptor genes. The models were improved itcrativcly by 
searching the Swi^-Proi und TREMBL debuses and adding 
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sequences matching the model. Multiple alignment of the 
DBD of selected nuclear receptor sequences was constructed 
manually (16). This alignment was used for constructing a 
phybgenetic tree by the Fitch least-square method (17). 

Plasmids and Molecular Cloning of bPAR cDNAs. DMA 
sequence analysis of a cDNA clone corresponding to a human 
EST from the Incyte IifcScq database (Incyte Pharmaceuti- 
cals, Palo Alto, CA) revealed that this clone was partially 
similar to the LBD of the 1,25-dmydroxyvitamin D* receptor 
(VDR). Based on this sequence information, full-length 
hPAR-1 and -2 cDNAs were generated by S'-rapid amplifica- 
tion of cDNA ends (RACE)-PCR as described (18) using 
cDNA synthesized from human liver poly(A)+ RNA together 
with hPAR gene-specific primers (S'-CAT GGC CCT C CT 
GAA AAA G-3' and 5'-ATG ACA TTG AAG TGA T\G 
CCA GTG-3') corresponding to positions +486 to +468 md 
+446 to +423 in relation to the transcriptional start sit<: in 
hPAR-1. The amplified PCR products where cloned, se- 
quenced, and verified by PCR amplification of the entire 
hPAR-1 and -2 ORFs with Pfu polymerase (Promega) fol- 
lowed by DNA sequencing. For in vitro translation of hPAR 
an Ncol site was introduced at the predicted start initiation 
codons of hPAR-1 and -2. After PCR amplification the 
fragments were subcloned into the pcDNA3 vector (Invrro- 
gen) generating pCMV-hPAR^I and -2. respectively. The 
GAL4-hPAR-LBD plasmid used for transient transfect;ons 
was generated by PCR amplification of the hPAR cDNA 
corresponding to amino acid residues 107-434 followed by 
subcloning of this fragment in frame after the sequence 
encoding the DBD of yeast GAU (19). A double-stranded, 
68*bp oligonucleotide, corresponding to two rimes the human 
CYP3A4 IR-6 enhancer promoter element plus flanking re- 
gions (-176 to -146) 5'-GGG AGA ATA TGA ACT CAA 
AGG AGG TCft GTG AGT AGA ATA TGA ACT CAA 
AGG AQC TCA GTG AGT GAG CT-3^ wS inserted 
upstream of the simian virus 40 promoter in pGT-2-pmmorer 
(Pmmcga) generating the CYP3A4 IR-6 luciferaSc reporter 
plasmid. 

Transient Transaction Assays. The TC7 subclone of Caro-2 
cells (20) were maintained in DMEM without phenol red and 
?35P [ 5 nie I n i edwlTh nonessential amino acids, L-glutamine, and 
lO/o fetal bovine scrum. For transient transactions, 200 000 
cells were seeded in 6-weIl plates and transfected with Do .per 
{Rpchrmger Mannheim) according to the recommendations of 
the manufacturer. Each well was transacted with OA a* at 
pRSV-AF (CLONTECH), 0.2 M g of the GAL4-hPAR-I.BD 
plasmid or 0.6 fig of either the pCMV-hPAR-J or pCMV- 
hPAR-2, and 2 ^ of the 4xUAS-Lurifcrase reporter placid 
(19) or 1.8 us of the CYP3A4 IR-6 lucifcrasc reporter plasmid. 
Afrer treating the cells with the DNA-Dospcr mix for 6 hi the 
medium was replaced and the cells were incubated for 12 hr 
followed by the addition of activators to a final concentration 
of 10 /iM for 24 hr in medium without fetal bovine serum. The 
medium was removed and assayed for alkaline phospnatc 
activity (CLONTECH). Cells were lysed in 0.1 M Tris/2 mM 
EDTA/0.25% Triton X-100, and luciferase activity was deter- 
mined and normalized for alkaline phosphate activity. :)ata 
represent the mean ± SD of two or more experiments per- 
formed in duplicate or triplicate. 

Northern Blot and iVi Situ Analysis. A 700-bp Nhcl/Kpnl 
fragment from the 3' untranslated region of the hPAR cDNA 
was --P-labeled by random priming, purified on a Scprudcx 
G50 Kick column (Amersham, Pharmacia), and hybridized to 
human multiple tissue Northern blots (CLONTECH) at 58*C 
in ExpressHyb Solution (CLONTECH) for 30 min followed by 
washing at a final stringency of 2xSSC and SDS at 55°C 
for 1 hr. The human embryo specimens were sectioned, 
mounted, prctreated, and subjected to in situ hybridization 
analysis as described (21). Sense-probe controls were per- 
formed to adjacent tissue sections on the same glass siidr. *s the 
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antisense probe. The hPAR-1 and -2 sense and antisense 
probes were generated by in vitro transcription of the pCMV- 
hPAR-1 and -2 plasraids with T7 or T3 polymerase in the 
presence of PSJUTP. 

DNA-Protein Interaction Assay. Gel mobility-shift assays 
were performed as previously described (21) with hPAR-1 and 
-2 translated in vino from pCMV-hPAR-l and -2 plasmids by 
using coupled TNT rabbit reticulocyte lysate (Prornega). The 
direct-repeat probe used (DR-3) was derived from the 
RAR-£2 promoter and has been described (21). The IR-6 
^nucleotide (5 ' -AG A ATATC A A CTCA A AG G A G GT- 
CAGTGAGT-3') was derived from the human consensus II 
sequence in the CYP3A4 and CYP3A5 promoter (22). 

RESULTS 

Isolation of hPAR cDNAs. HMM profiles can be used in 
addition to classical fasta and blast database searches in 
attempts to identify sequences that belong to a given gene 
family (2). To identify novel class II (12) orphan nuclear 
receptors wc generated HMM profiles from a selected number 
of receptors and used these profiles for homology searching of 
EST databases. In this screen, EST$ representing known class 
II nuclear receptors were identified. In addition, a number of 
ESTswere identified that were shown to encode putative novel 
members of ihe nuclear receptor gene family. The deduced 
ammo acid sequence of one of these EST* showed a very high 
degree of conservation in a small region of the LBD to the 
VDR. Next. 5-RACE-PCR w M used to obtain full-length 
cDNAs from human liver mRNA. Two cDNAs, termed 
hPAR-1 and -2, were amplified that differed only in their 5' 
end, probably as a result of alternative splicing (Fig. L4). The 
hPAR-1 cDNA docs not contain a classical ATG initiation 
codon but instead may initiate at an alternative CTG codon 
located ai position +280 ieJaiive to the transcription-initiation 
sue. This putative nun-ATG Murt site is located in a favorable 
sequence context for efficient initiation from alternative stan 
sues (23) and is in frame with the entire ORF and preceded by 
a stop codon. 

Alignment and evolutionary tree analysis (16, 17) of the 
?P D n° f selcclu * nu c'ear receptor sequences indicated that 
hPAR was grouped together with the recently cloned mouse 
receptor PXR (24), xONRl (25), MBA? (26). and VDR (data 
not shown), Sequence comparison* of the DBD and LBD of 
hPAR with these receptors demonstrated rhat hPAR is most 
closely related to PXR.l and PXR.2. In the DBD the amino 
acid identity between hPAR and PXR is 96% (Fig. 1C) as 
compared with 7S% and 74% amino acid identity between the 
LBDs of hPAR and PXR.l and PXR.2, respectively. Ths 
PXR.2 splice variant contains a deletion in the LBD as 
compared with PXR.l and hPAR. The high degree of overall 
amino acid similarity in the DBDs of PXR and PAR indicates 
that these receptors may be orthologous genes. Characteristi- 
cally, both PXR and hPAR have six amino acid residues 
between the first two cysteines in the second zinc finger as 
compared with five for a majority of known receptors includ- 
ing xONRL 

hPAR Is Expressed in a Restricted Number of Tissues. 
hPAR expression was analyzed in normal adult human tissues 
by Northern blot analysis. Expression of hPAR mRNA could 
be detected only in a restricted number of adult human tissues, 
including liver, colon, and small intestine, but not in any other 
tissue examined (Fig. 2A). Three hPAR mRNAs of different 
sizes were detected both in intestines and in liver, where the 
approximately 3.4-kb mRNA was the most abundant as com- 
pared with the less abundant transcripts of 4.9 anil 6.6 kb. In 
situ hybridization was used to determine whether hPAR was 
expressed also in the human embryo. As shown in Fig. 2ff, 
hPAR expression was limited to cells of the intestinal mucosal' 
layer. The finding that hPAR expression is confined only to a 
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^ Fig, I. hPAR is a novel member* of the nuclear receptor family (A ) 
Nucleotide and predicted amino acid sequence of hPAR-l and - 1 The 
putative initiation codons for hPAR-l and -2 arc indicated b> solid 
arrow*. The 5' untranslated region Of hPAR-l is boxed until the splice 
site indicated by an open arrow, The predicted LBD and DB3 arc 
boxea. (B) Amino acid sequence wmpanV™ hetween hPAK and 
related nuclear receptors. The simihiriry in the DBD and LBD be ;wccn 
hPAR and related nuclear receptors is indicated as percentage tmmo 
and identity. The N-terminal region in hPAR-2 that is diffcren: from 
UP AR-1 is indicated by the cross-hatched box in hPAR-Z 



restricted number of tissues in the adult is corroborated by ihe 
in situ hybridization analysis, as wc could not detect expression 
in a number of embryonal tissues including adrenals, skin, 
skeletal muscle, adipose tissue* and connective tissue (data not 
shown). 



Proc. Nad, Acad. ScL USA 95 (1998) 



? = 



93 
73 
4.4 

2.4 

135 



B 




Fig Z Expression patrcrn of hPAR. (/!) Nonhcm blot analysis of 
adult human tissues. RNAsizc markers are indicated to the right in kb. 
(B) In Sim analysis 0 f embryonic hPAR mRNA expression. Bright- (<i 
and c) and dark-field (b and d) views of hPAR expression in the 
intestine Of a 10-week-old human embryo are shown. Specificity was 
determined by using sense-probe controls to adjacent tissue sections 
as the antisense probe. No signal could be detected wjih the sense 
probe. 

Pregnane Derivatives and Inducers of Human CVP3A Func- 
tion as Efficient hPAR Activators. To identify activators or 
ligands for hPAR we generated a library of substances struc- 
turally biased toward different classes of activators and ligands 
for nuclear receptors and analyzed the activation of hPAR in 
a reporter g ene assjl y j n transiently transfected Caco-2 (TC7) 
cells (20). In this initial screen one group of synthetic sub- 
stances with the ability to activate hPAR were found to be 
structurally similar to pregnanes (data not shown). Based on 
these results we next used a selection of pregnane derivatives 
to analyze whether naturally occurring steroids also could 
function as activators. In addition to a 3-fold activation by 
pregnenolone a limited number of other naruraily occurring 
and synthetic pregnane derivatives also activated the receptor 
(Fig. -VI). Interestingly, 5/i-pregnanc-3 t 20-dione, which is a 
naturally occurring unconjugated metabolite in the bovine 
liver (27), was one of the most potent activators of the 
pregnanes tested (Fig. 3A). However, in contrast to the effi- 
cient activation observed by the 5j3-prcgnanc-3.20-dionc> the 
corresponding planar steroid derivative 5«-prcgnanco,20- 
riione did not activate the receptor. In addition to these 
substances other 5/3-prcgnnnes also activated hPAR as op 
posed to a number uf planar derivatives tested (Fig. 1A and 
data not shown). To exclude the possibility that the observed 
activation was not mediated by the hPAR-LBD, wc performed 
experiments in which the LBD of hPAR was replaced by the 
LBD of ihe human PPARa receptor. Robust activation of the 
PPARa-LBD was observed in the presence of the PPARa 
activator, iloprost (7). However; no activation by the hPAR 
activator, 50-pregnanc-3.2O-dione, was observed when the 
PPARa-LBD was transfected instead of the h PAR- LBD 
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indicating the requirement for the LBD of hPAR for effi* ieni 
pregnanc-dependent transcriptional activation (data not 
shown). Next, wc investigated whether activation of hPAR was 
limited to pregnanes or whether other substances also i: the 
steroidogenic pathway could function as activators, 01 the 
steroids tested, progesterone, na-hydroxyprogesteronc, Cor- 
tisol, and 17j3-estradiol caused an increase in hPAR-L.BD- 
dependent reporter gene activity (Fig, M)> indicating that 
hPAR can be activated by many different compounds at .east 
at high concentrations. 

PXR.1 was reported to be activated by the antigluco<orti- 
coiHs pregnenolone 16or-carbonitrile (PCNj and RU486 and 
also by dexamethasone, which are known to induce th 1 ex- 
pression Of the rat CYP3A1 and 3AZ gcucs. From these st.idics 
it was suggested that PXR.l represents the murine PCN 
receptor. To investigate whether hPAR was the human t oun- 
terpatt of the mouse PCN receptor wc analyzed the activ uion 
of hPAR after treatment or me cells with 10 /xM PCN, Rl M3C. 
or dexamethasone. In contrast to the results rcportel for 
PXR.l, no activation of hPAR could be detected ir. the 
presence of PCN or dexamethasone. However, RU486 dused 
a 5-fold activation (Fig. 14). These results indicate that hPAR 
represents a receptor subtype pharmacologically distinct from 



PXR.l. Although the catalytic activity u f different CYP3A 
genes between different species is similar, important interspe- 
cies differences in the regulatory control are well known (22). 
For example. PCN is a potent inducer of CYPSA expression in 
rat liver hut noi in rabbit liver and only in some but not all 
cultured human hcpatucyics (28). On the other hand, the 
antibiotic rifyrnpirin is a potent inducerof both rabbit CYP3A6 
and human CYP3A4 but not the corresponding rat CYP3AI 
gene. Based on these observations wc investigated whether 
riiampicin and other clinically used drugs known to induce 
human CYP3A could activate hPAR. Interestingly, 10 
rifampicin re<;nlr*d in an approximately 7- to 8-fold activation 
(Fig. 3/4), suggesting the existence of fcpecies-specific activators 
of hPAR and PXR. In addition to rifampicin. other kno^n 
inducers of human CYP3A4 expression, including nifedipine 
:ind clotrimazole, also activated hPAR. Dose-response analysis 
(Fig. 35) of a selected number of clinically r^lev;mt activators 
revealed that nifedipine wu* not a* potent in activation of 
hPAR as compared with cloirimazole, which was the most 
potent of the compounds tested with EC.™ values of 4.3 mM 
and 0.S uJvl. respectively. These results indicate that a broad 
range of clinically used drug*; can activate hPAR and at 
concentrations that arc in the same range as the therapeutic 
plasma concentrations of these drugs. 
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hPAR Interacts with and Trans activates Through a Con- 
served Regulatory Sequence la the Human CYP3A4 d ue. 
Conserved Sequences required for PCN-dependent transc op- 
tional regulation of the rat CYP3AJ and CYP3A2 genes have 
been identified (22) and shown to bind PXR as a heterodimer 
with RXR (24). These sequences contain two hexamcric D VA 
core motifs separated by three nucleotides (DR-3) and have 
been shown, in addition to PXR, to be binding sites for other 
receptors including VDR and xONR-1 (5, 12). However in 
contrast to ihe rat CYP3AJ and CYP3A2 genes the honv>lo^ 
gous human rifampicin-inducibk CYP3A4 and CYP3A5 genes 
do not contain DR-3 elements, but do contain conserved 
consensus sequences consisting of two inverted hexameric c ore 
motifs (AG C / T TCA) separated by 6 m. Interaction of hP \R 
with this inverted repeat element (IR-6) would be unique for 
a class Ii nuclear receptor as these receptors have been shown 
to interact preferentially wirh direct-repeat elements (5). To 
investigate whether hPAR couid bind to the IR-6 clement, a 
gel mobiiity-shift assay was used together with in vitro trans- 
lated hPAR and RXR/3. In the absence of RXR, hPAR did nor 
bind efficiently to the radiolabeled CYP3A4/5 IR-6 elen cnt 
(% 4). However, in the presence of RXR. efficient DMA 
binding to this element was observed. As expected, hPAR ilso 
could bind as a heterodimcr with RXR to the DR-3 clcirent 
(Fig. 4). Next we investigated whether hPAR could inxuee 
gene expression through the CYP3A4 IR-6 element in rcsrK nse 
to the identified activators. As shown in Fig. 5, both rifampicin 
and 3a-hydroxy-5^pregnane-ll,20-dione, methancsulfonute 
induced the expression of the CYP3A4 IR-6 reporter gens in 
Caco-2 cells, in other cell types as well, such as Hcp-G2. 
hPAR-dependent activation of the CYP3A4 IR-6 reprner 
gene in response to rifampicin and 3a hydroxy-5^-pregn me- 
1 L20-dionc, mcthancsulfonatc was detected (data not shown). 
The observed DNA-binding activity and activation prcfil: of 
hPAR taken together with the reported activaiion and DWa- 
binding specificity of PXR indicate that these receptors are 
likely to represent orthologous genes that have evolve.) to 
regulate overlapping gene networks in response to phatma- 
cologically distinct anivatnrs. 
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MO. 4. DNA binding of hFAR to conserved human CYPM 
regulatory clement. Gel mobility-shift assay, in vitro tram-lMed 
hPAR- 1 was incubated in the presence or absence of in vitro translated 
RXRb together with radiolabeled oligonucleotides containing :ither 
the CYPM sequence (IR-6) or a direct repeat separated b\ 3 nt 
(DR-3) as indicated. 
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Fig. 3. AciivQtion of hPAR through the CYPSA4 clement. 
Caco-2 cells were transfecied with the CYP3A4 IR-6 luciferasc re- 
finer plasmid with (PAR-l artd PAR-2) or without (EMPTY) 
expression plaSmid encoding cither hPAR-l or hPAR-2 protein as 
indicated. The cells were treated with vehicle lDMSO)'or lU^M of the 
indicated compounds for 2-i nr. Cell extracts were analyzed for 
luciferose aciiviiy, and data represent th* mean ± SD. P < 0.00 i- 

P < 0.05 (Student's t test) as compared with the UMSO cormolv 

DISCUSSION 

In this report we have demonstrated that synthetic and natu- 
rally occurring pregnane derivatives function as activators or a 
novel human nuclear receptor called hPAR that is expressed 
in the livei and gut. Wc observed that the most potent hPAR 
activators were all 50-prcynaucs. Notably, 5j3-pregnanc-3.20- 
dionft. which is n nnrurally occurring and unconjugated me- 
tabolite in liver (27), caused an approximately 12-fold activa- 
tion ot hHAK m contrast to the corresponding .^-derivative, 
which resulted in only a 2-fold activation. In this context it is 
interesting to note thai progesterone metabolites in the liver 
have been reported to appear exclusively as 50-prcgnancs (27. 
28). The identification of pregnane derivatives as activators ot 
hPAK suggest a novel physiological role of this group of 
steroids, Since the early 1940s pregnanes have been known to 
elicit both anesthetic and anticonvulsant effects (29). In ad 
dition, pregnanes also have been reported to have behavioral 
effects similar to benzodiazepines on. for example, food intake 
(30). These and other effects of pregnane derivatives have been 
suggested to be mediated by different membrane-bound re- 
ceptors including the GABA A, N-mcihyl-D-iisparNite. ao:ivl- 
cholinc, and, most recently. G protein-coupled receptors (rets, 
30-32 and references therein). In this report wc provide 
evidence that the same group of steroids not only mediate their 
effects through membrane-bound receptors but also through a 
nuclear receptor. The restricted expression pattern of hPAR 
inRNA together with the activation in response to different 
pregnane derivatives described in this report indicate that this 
group of steroids also is likely to hove metabolic effects in liver 
and gut in addition to the effects described above. This dual 
mode of action mediated by two different signal transduction 
systems in response to a common small, lipophilic molecule is 
analogous to what has been described for certain other nuclear 
receptor activators (34, 35). 

In humans. CYP3A4 is the dominant form of drug- 
metabolizing enzyme in liver and- may account for the oxida- 
tive metabolism of more than 60% of all clinically used drugs 
(22). Our studies demonstrate that in addition to pregnanes. 
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drugs such as rifampicin, nifedipine, and clotrimazole, which 
are known to induce the expression of human CYP3A (22, i5) 
genes, also function as efficient activators of hPAR. Based on 
sequence simiJarity, PXR.l is likely to be the mouse homoiog 
to hPAR. Kliewer et al (24) reported that PXIU can be 
activated by dexamethasone but not as efficiently as by RU i$6 
or PCN. We could not observe any significant activation of 
hPAR in response to dexamethasone or PCR This striking 
specificity in activation profile between closely related j emp- 
tors from different species may be one molecular explanai on 
for the well documented species differences in the regulator 
control of QYP3A genes and may have potential implications 
for the pharmacological evaluation of drug interactions mat 
are important for humans. However, dexamethasone has b:en 
reported to induce the expression of CYP3A in rats as wei as 
m humans (22, 35). The weak activation of PXR.I in response 
ui dexamethasone as observed by Kliewer etai (24) lotetner 
with our finding that hPAR is not activated by dexamethasone 
suggest alternative mechanisms for dexamethason e-depen dent 
activation of CYP3A induction. 

The expression pattern together with the DNA-bim-ing 
specificity and activation profile of hPAR reported here 
suggest that a specific group of genes with functions common 
to born rhc imcNiine and liver may be important regulatory 
targets tor hPAR. Based On our resulrs, the CYP3A genes .rmy 
be one target for hPAK-dependent transcription induced -ly a 
number of clinically used drugs. The observed interindivi* .ual 
variation in the metabolism of different drugs has been 
suggested to be a result of a variation in the expression of 
CYP3A4. Based on the presented results this could be dui to 
imcrindividual differences in hPAR-mcdiatcd signal transduc- 
tion gnrl opens up new possibilities in understanding gcnoiic 
differences in drug metabolism. 
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